OBJECTIVES: Thymectomy may be part of the therapeutic strategy in patients with myasthenia gravis (MG) without thymoma. Median sternotomy is still considered as the gold standard, but during the last 15 years, several groups have demonstrated the non-inferiority of cervicotomy with upper sternotomy and minimally invasive techniques. To date, there is no consensus on surgical procedure choice. The aim of our study was to compare the morbidity and mortality of three techniques [cervicotomy with upper sternotomy versus sternotomy versus video-assisted thoracic surgery (VATS)/robotic-assisted thoracic surgery (RATS)] from the national database EPITHOR and to analyse French epidemiology.
INTRODUCTION
Myasthenia gravis (MG) is a neuromuscular junction disease characterized by muscular weakness and fatigue. Epidemiological data show the increased frequency of this disease with age in all populations but with a female predominance in the younger groups and male predominance in the older groups [1] . This autoimmune disorder is usually included in a paraneoplasic form due to thymoma in 10-20% of myasthenic patient necessitating surgical resection if possible as standard treatment [2] . Sternotomy was considered for a long time to be the gold standard approach for anterior mediastinal tumours or for the treatment of nonthymomatous myasthenia gravis (NTMG). For >15 years, minimally invasive techniques were developed [3] and it is universally © The Author 2016. Published by Oxford University Press on behalf of the European Association for Cardio-Thoracic Surgery. All rights reserved. accepted that thoracoscopic or robotic approaches are associated with less pain, faster recovery, superior cosmetic results and greater patient acceptance. However, the efficiency of these procedures is not well known and still debated in all thoracic societies in particular in the indication of NTMG [4] . The consensus is still to be aggressive with complete radical thymectomy with thymic tissue and mediastinal fat resection en bloc. As a consequence, minimally invasive surgery was considered for a while non-optimal procedure for this difficult anatomical region. However, sternotomy could be strenuous for this non-tumoural disease in young patients. That is why the study of perioperative outcomes is interesting. The primary objective of our study is to compare the morbidity and mortality rates between three different surgical approaches from the French national thoracic surgery database called EPITHOR: cervicotomy with upper sternotomy versus sternotomy versus minimally invasive approach including video-assisted thoracoscopic surgery (VATS) and robotic-assisted thoracic surgery (RATS). The secondary objective of this study is the evaluation of French thoracic surgical practices and epidemiology of this pathology during the last 8 years.
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MATERIALS AND METHODS
The French Society of Thoracic and Cardiovascular Surgery created EPITHOR in 2002. It consists of a computerized database prospectively collecting epidemiological and clinical data related to thoracic surgical procedures. Currently, 114 centres contribute daily to this database that now includes more than 200,000 procedures. The EPITHOR working process has been described previously [5, 6] . Each individual participating surgeon is identified by a login and a password and implements the local EPITHOR database. These data are automatically anonymized when sent to the national database in order to guarantee patients' and surgeons' confidentiality. Participating in EPITHOR is now a requirement for medical accreditation and thoracic surgery unit certification in France [7] . Each medical record contains 50 variables, of which 14 are required to open and two to close the file. Variables are collected on a data form that includes information about every patient's personal characteristics, medical history, surgical procedures, cancer staging and outcomes [8] . Patients' consent was obtained, and patients were aware that the data collected would be used for clinical research purposes. The institutional review board of the French Society of Thoracic and Cardiovascular Surgery certifies that this study respects the current regulations that govern clinical research in France, referenced as CERC-SFCTCV-2015-7-16-9-56-32-OrBa. Data collected were: age, gender, body mass index, American Society of Anaesthesiologists score, number of comorbid diseases, surgical technique, postoperative events. Pre-and postoperative neurological status, myasthenia treatment and past history of severe myasthenia crisis are not available in our database.
From the national thoracic surgery database EPITHOR, we have extracted all NTMG performed between 2005 and 2013. We exclude all patients who underwent thymectomy for thymoma even in the context of MG because depending on the size of the lesion, a sternotomy may be the only procedure possible mandatory and this could be a major selection bias for our study. We have divided patients into three groups: Group A: Sternotomy; Group B: Cervicotomy with upper sternotomy; Group C: VATS/RATS.
Operative mortality was defined as any death within 30 days after the operation or later if the patient was still in the hospital. Morbidity was defined as any pulmonary, cardiovascular, infectious and surgical complications during postoperative course.
Statistical analysis
We performed univariate analysis with χ 2 for binary and categorical variables and the one-way analysis of variance for continuous variables. Discrete variables were expressed as numbers with percentages and continuous variables as means and standard deviations. Calculations were performed with STATA 13 statistical software (StataCorp LP, College Station, TX, USA).
RESULTS
Patients were divided into three groups as explained previously: 131 (47%) in Group A, 31 (11%) in Group B and 116 (42%) in Group C. The baseline patients' characteristics are reported in Table 1 . Sex ratio F/M for the whole cohort was 2.3. The mean age was, respectively, 42 ± 17, 42 ± 17, 35 ± 14 years old (P < 0.01). The number of patients without comorbidities was 63 (48%), 25 (81%) and 78 (65%) (P < 0.01), respectively. Operative characteristics are listed in Table 2 . The operative time was 94 ± 37, 79 ± 42 and 112 ± 59 min (P < 0.01), respectively. The number of patients who presented at least one postoperative complication was, respectively, in each group of 12 (14%), 0 and 3 (9%) (P = 0.03). The postoperative lengths of stay were 7.7 ± 4.5, 5 ± 1.7 and 4.5 ± 2 days (P < 0.01), respectively. There was no death. Postoperative complications are reported in Table 3 . Patients from Group B had necessitated mechanical ventilation for more than 24 h in 4.5% of cases (P = 0.03). No reoperation after the first hospitalization was reported. 
DISCUSSION
In 1936, Blalock was the first to introduce thymectomy in the treatment of MG. Since then the role of this procedure remains uncertain. In this study, we cannot conclude formally about the superiority of minimally invasive techniques such as VATS or RATS in NTMG because of important disparities in the three groups. However, many comments can be made about our study.
First, we demonstrate that in France, sternotomy seems to be proposed for older and more comorbid patients whereas minimally invasive procedures are preferred for younger patients. This primary result can be interpreted in two ways. On the one hand, we can imagine that younger patients are referred to the department that performed routinely minimally invasive techniques to permit better adhesion for surgery. These centres at the beginning of our period study were very few maybe less than 5. But we cannot confirm the first hypothesis because the region of origin of the patient is an information not available in our database such as the centre in which the procedure was performed. Our second hypothesis is that sternotomy was preferred in older patients because of preoperative suspicion of thymoma. Recently, French guidelines were published from RHYTMIC network [9] which authorized resection by minimally invasive procedures in thymoma stage I and this can lead thoracic surgeons to change their surgical practices for the next years. Concerning cervicotomy with upper sternotomy, no complication was reported maybe due to few cases.
Despite this bias, we report the results of, to our knowledge, one of the most important surgical European cohorts on NTMG.
We demonstrate a longer operative time for minimally invasive procedures compared with transsternal approach but with a shorter hospital stay with reduced postoperative complications. Zahid et al. [10] in a review of the literature in 2011 confirmed our results but this study included thymectomy for thymoma from several papers.
The debate around surgical procedure in NTMG is still open because of the cadaveric studies on thymic ectopic tissue. In 2012, Klimek-Piotrowska et al. [11] detected ectopic thymic tissue in 32 out of 50 cadavers (64%). Moreover, in 10 (20%) cadavers thymic foci were found in locations accessible to the standard surgical intervention and in 22 (44%) to the inaccessible locations. Thymic tissue incidence in individual locations was as follows: retrothyroid, 3(6%); peritracheal, 5 (10%); retrotracheal, 1 (2%); right phrenic nerve, 2 (4%); left phrenic nerve, 14 (28%); right recurrent laryngeal nerve, 2 (4%); left recurrent laryngeal nerve, 2 (4%) and periaortic, 0. Sternotomy allows access to these different anatomical compartments, which could be difficult to achieve by VATS or RATS with a single approach. That is why the surgeon has chosen a bilateral thoracoscospic approach or combined with an additional cervical incision in order to facilitate dissection and removal of bilateral cardio phrenic tissue [12] . However, VATS or RATS using the application of CO 2 insufflation could permit better access to most of anatomical areas [13] . The debate is therefore a technical debate between these three approaches. The answer to technical comparison is always difficult to emphasize. Adoption of minimal techniques often shows accurate result of the technique [14] .
French surgical practice and epidemiology
Our work is the first to describe the evolution of French thoracic surgeons practice in the very specific domain of nonthymomatous MG. Our results showed a real change in surgical practice for only 8 years with an important interest in minimally invasive techniques to the detriment of median sternotomy. Cervicotomy with upper sternotomy is still a marginal activity. Concomitant of this phenomena is: the number of cases increased 40% in from 2005 to 2013. These two evolutions could be linked because rising of minimally invasive techniques could help patients to accept surgery easily. At the same time, the mean age did not evolve in such a big proportion with a mean age of patients in 2005 of 41 vs 38 years in 2013. This last data in correlation with previous result could permit us to extrapolate that maybe French neurologists refer patients nowadays more easily because the surgical procedures are less invasive. 
Limitations
Our study presents several limitations due to the data incorporated in our national database EPITHOR. In fact, the following data are not available: pre-and postoperative neurological status, preand postoperative myasthenia treatment, need for conversion in case of minimally invasive procedures and reason and antibodies status. As we explained in the introduction, our study has focused only surgical procedures and clinical outcomes without delayed clinical status evaluation.
CONCLUSION
Our study did not allow us to prove the superiority of minimally invasive techniques due to important disparities in all groups. However, this work shows us major changes in French surgical practices during this last decade with an increase in minimally invasive procedures such as VATS and RATS. 
